Abstract
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factor of two, indicating the important role of RH in the evolution of haze pollution in winter 151 (Sun et al., 2013a) . Furthermore, the wind speed (WS) was quite low in both summer and winter, 152 with an average value of 1.3 ± 0.7 and 1.3 ± 0.7 m s -1 , respectively. This does not favor the line locates the break between winter and summer. H1 means Haze 1, N1 means Non-Haze 1, 164 and so forth. 165 Aside from the main species shown in Figure 2 , additional details about different pollution levels 166 are listed in Table 1 . The main constituents of the PM2.5 are secondary inorganic aerosols (SIA) 167 and OM, which account for 44.5% and 24.9% of the PM2.5 in winter and 43.2% and 15.0% in 168 summer, respectively. These values are comparable with the findings in Jinan (Yang et al., 2012) .
169
From non-haze to haze, the concentrations of sulfate, nitrate, ammonia, and OM are enriched by 170 factors of 3.5, 3.1, 3.8, and 2.2 in winter and 2.1, 7.3, 2.7, and 1.2 in summer. The significant 171 increase of SIA species demonstrates its non-negligible role in the evolution of the air pollution.
172
A large enrichment of SIA on haze days was also found in Beijing by Sun et al. (2013c) . The 
178
In addition, the meteorology contributed to the worsening of the pollution. Lower WS and higher 179 RH can be identified in haze events in both seasons (Deng et al., 2016; Zhou et al., 2014) . 180 Generally, wind exerts a scavenging effect on pollutants when it has high speed, but low-speed 181 wind does not have a cleaning effect and so favors the accumulation of pollutants, thus facilitating 182 secondary transitions (Wu et al., 2016 
Diurnal variation

229
The discussion above described the general pollution characteristics in the hot and cold seasons.
230
In this section, we focus on the diurnal behaviors of various parameters to understand the 231 characteristics of the pollution better.
232 Figure 4 shows the diurnal patterns of various factors in winter and summer. Generally, PM2.5 trend was investigated in Nanjing (Wang et al., 2016b) .
238
Generally, the diurnal changes of SIA species were very similar, especially in winter, and were decrease of CO from 10:00 to 17:00. CO is an inactive primary gas pollutant in the atmosphere. 246 Thus, assuming that the sources of the main pollutants were relatively unchanged within one 247 month, the variation of CO can be used to signify physical processes such as dilution and 248 precipitation (Zhang et al., 2015 because sulfate accounts for the main part of particles, especially in haze event.
309 Figure 5 shows the correlation between sulfate and EC. EC is adopted here to exclude the effect with the increasing of the RH and O3, the ratio of SO4 Nitrate comes mainly from homogeneous reactions between NH3 and HNO3 in the gas phase, 352 followed by gas-particle partitioning, or heterogeneous channels through the hydrolysis of N2O5 353 (Bertram et al., 2009; Russell et al., 1986) . In an ammonia-rich area, the favorable formation Based on above discussion, we realized that the primary formation mechanism of nitrate was the 385 homogeneous reactions in gas phase between NH3 and HNO3, followed by gas-particle 386 partitioning. Many factors can influence this process, including temperature, RH, and precursor 387 emissions (Lyu et al., 2016) . Probing the interrelationships between the influencing factors and 388 nitrate further can facilitate the taking of actions to reduce its formation.
389 Figure 7 presents the correlations between nitrate and NO2 in the two seasons. Generally, nitrate 390 increased with the increase of gas precursors. In winter (Figure 7 (a) ), we divided the variation 391 of nitrate into three periods (1-3). In zone 1, NO2 concentration is low, and nitrate formation is because RH is far more difficult to reduce artificially.
409
In summer (Figure 7 (b) ), the variation periods were divided into four parts, as shown. Basically, 410 zones 1, 3, and 4 are characterized by lower concentration of nitrate no matter whether NO2 was 411 high or low, which may a result of the lower level of "Excess NH4 + " and higher temperature.
412
NH4NO3 is a thermal-unstable specie that can decompose easily and enter the gas phase under 413 high temperature (Zhang et al., 2016) , thus temperature has a more obvious influence on nitrate 414 in summer than in winter (Heald et al., 2012 Overall, the concentration of organic matter was 1.97 times higher in winter for multiple reasons. hour trajectories and clusters were calculated using the TrajStat model (Wang et al., 2009 where large power plants and some chemical industries are located (Cheng et al., 2011) . Because 527 of the complex sources, the species were both at high but relatively balanced levels. Cluster 5 528 appeared to be the most polluted one and had the highest particle concentration (265.70 μg m -3 ).
529
It started from Bohai, then moved southwesterly. Southwest Shandong is a densely industrialized 530 region and also a coastal area. Thus, the air mass of this cluster was very moist with plenty of 531 pollutants; the enhanced primary emission can also be proved by the high concentration of EC. WN means Cluster N in winter (e.g., W1 denotes cluster 1 in winter), and SN means Cluster N 545 in summer (e.g., S1 means cluster 1 in summer).
546
In summer, biomass burning was much more severe, demonstrating it as a main source. 
